An 8-year-old Holsteiner gelding was presented for evaluation of anorexia, obtundation, icterus, and mild colic signs of 48 hours duration. History, physical examination, and initial diagnostics were suggestive of hepatic disease and encephalopathy. Microcystin toxicosis was suspected based on historical administration of a cyanobacteria supplement, associated serum biochemistry abnormalities, and characteristic histopathological changes. Microcystin contamination was confirmed in both supplement containers fed to the horse. Fulminant hepatic failure and encephalopathy progressed resulting in euthanasia. Necropsy findings were consistent with microcystin induced liver failure.
A n 8-year-old 569-kg Holsteiner gelding was examined for anorexia, depression, icterus, and mild colic signs of 48-hour duration. The gelding received monthly allergen immunotherapy and had received a rhinopneumonitis vaccine a three days before onset of clinical signs. The horse had travelled to a horse show within Pennsylvania three weeks before presentation. None of the other 30 horses on the farm had any signs of illness. The horse's diet consisted of timothy hay, a commercial ration-balancing feed, b, c and grass pasture at night. The horse had also received a commercial powdered blue-green algae supplement d for purported hoof health benefits for 2 months, of which a new container was used three days before presentation. Automatic waterers were cleaned daily. Anthelmintic treatment was based on routine fecal egg counts.
On presentation, the gelding was obtunded and yawned continuously, but displayed no other neurologic abnormalities. Body condition was 5/9 with a smooth hair coat with no signs of photosensitization on its white markings. Rectal temperature was 99.9°F, heart rate was 40 beats/min, and respiratory rate was 20 breaths/min with normal respiratory effort. Marked icterus was detected on examination of the conjunctiva and oral mucous membranes. Capillary refill time was <2 seconds with no petechiae or ecchymoses. Gastrointestinal borborygmi were decreased but present in all quadrants. No other abnormalities were detected on physical examination, abdominal palpation per rectum, or sonographic examination of the abdomen. Nasogastric intubation yielded no net reflux.
Abnormalities were not detected on CBC. Plasma fibrinogen concentration was within normal limits Medical management was instituted to prevent hyperammonemia, reduce inflammation and provide hepatic support and included: lactulose e (0.5 mL/kg via nasogastric tube q6h), metronidazole f (15 mg/kg PO q6h), enrofloxacin g (5 mg/kg IV q24h), flunixin meglumine e (1.1 mg/kg IV q12h), pentoxifylline h (10 mg/kg PO with suspension vehicle i q12h, and S-adenosylmethionine (SAMe) j (20 mg/kg PO q24h). Balanced polyionic crystalloid fluids k were administered IV as a bolus (20 mL/kg) followed by continuous infusion (4 mL/kg/h) supplemented with 20 meq KCL/L and 2.5% dextrose. Mannitol l (20% solution; 1 g/kg IV over 30 minutes) was administered to decrease potential cerebral edema because of hepatoencephalopathy. 1 ) and displacing the lungs 25 cm dorsally. Sonographically, the liver was small with normal echogenicity and no evidence of cholelithiasis or choledocolithiasis. Two core liver biopsies were obtained percutaneously under ultrasound guidance using a 14-g core biopsy instrument m in the 14th intercostal space. No biopsy complications occurred. Histology revealed predominantly periportal to midzonal hepatocellular necrosis characterized by cytoplasmic hypereosinophilia and shrinkage with pyknosis and karyorrhexis. Bile ducts were unaffected, fibrosis was not present, and inflammation was minimal including periportal lymphocytes and macrophages and rare pigment granulomas. The liver changes suggested a severe acute to subacute toxic change and was unusual in that hepatocytes from all zones of the liver were damaged with no preference for centrilobular hepatocytes. Anaerobic culture yielded no growth. Staphylococcus sp. was present in the broth only in the aerobic culture and was considered a contaminant.
Two days later, repeated biochemistry and liver panel 2%; 4 mL/kg IV bolus) was administered followed by isotonic polyionic crystalloids f (20 mL/kg bolus), and the horse stood, but maniacal biting continued when the detomidine was discontinued, prompting euthanasia.
On gross postmortem examination, the liver was small (3.1 kg, 0.54% body weight) 2 and had a flaccid "dish rag" appearance with soft, friable, orange-tan to greenbrown parenchyma (Fig 1) . Histopathology from three different lobes revealed severe periportal to massive necrosis with sinusoidal dilatation and hemorrhage and relative sparing of centrilobular zones (Fig 2) . Higher magnification revealed lobular collapse with multifocal individual hepatocellular necrosis with megalocytosis and polykaryosis (Fig 3) . Additional (ie, secondary) changes included early portal-portal bridging fibrosis, mild bile duct hyperplasia with canalicular cholestasis, and mild inflammation including lymphocytic periportal to midzonal infiltrates with scattered pigment-laden macrophages (Fig 3) . Alzheimer type II cells consistent with hepatoencephalopathy were present in the medulla, cerebellum, mesencephalon, diencephalon, and cerebral cortex. Mild eosinophilic colitis was also detected. The stomach was moderately distended with normal ingesta, but was histologically normal. Algal toxin testing (LC/ MS) confirmed microcystin in both supplement Liver: low-magnification photomicrograph that shows predominant periportal to midzonal necrosis with lobular collapse, sinusoidal dilation, and hemorrhage. Portal (P) and centrilobular (C) zones are labeled. Hematoxylin and eosin stain. Scale bar = 500 lm.
containers currently fed in addition to three of five additional containers (0.011-0.5 ppm); however, it could not be isolated from liver, blood, or gastrointestinal contents postmortem. Further organic chemical and mineral screening on stomach contents, liver, and kidney did not reveal any clinically relevant findings.
Discussion
The horse in this report was diagnosed with microcystin-associated hepatic failure and secondary hepatic encephalopathy. Several toxic and infectious causes of acute hepatocellular necrosis and cholestasis were initially considered including microcystin, acute serum hepatitis (Theiler's disease), pyrrolizidine alkaloids, peritonitis, bacterial cholangiohepatitis with or without cholelithiasis, chronic active hepatitis, hemochromatosis, Fall Panicum (Panicum dichotomiflorum) toxicosis, Alsike clover, mycotoxins (eg, aflatoxicosis, fusarium, and moldy alfalfa), or poisonous mushrooms (eg, Amanita verna). However, anamnesis, histology, and toxicology strongly implicated microcystin intoxication from consuming a blue-green algae supplement.
Blue-green algae produce more than 100 congeners of the hepatotoxic microcystin (MC).
3,4 MC-LR is the most common congener and has caused liver necrosis in humans, mice, rats, guinea pigs, sheep, cattle, and dogs. [5] [6] [7] [8] [9] Most microcystin toxicoses result from contaminated water consumption; however, important exceptions exist including recent water contamination in a dialysis center that led to twenty-six human deaths from liver failure. 10, 11 A case of hepatic failure in a dog was attributed to high levels of microcystin detected in a A. flos aquae supplement harvested from Upper Klamath Lake in Oregon. 12 These algae are harvested during algal blooms in an open environment making inadvertent collection of M. aeruginosa, a microcystin-producing blue-green algae, and microcystin a real concern. In 1996, 85 of 87 blue-green algae supplements derived from this lake were contaminated with microcystin and 72% of those samples exceeded the Oregon Health Department 1 lg/g limit (reaching up to 16.4 lg/g), 13 a limit based on the World Health Organization (WHO) recommendation on drinking water for people.
14 Supplement safety concern is compounded by the ability of A. flos aquae to produce a multitude of other potentially lethal toxins including anatoxin-a, saxitoxin, cylindrospermopsin, and BMAA22. 15 Histology supported microcystin intoxication over other causes. Toxic by-products of cytochrome P450 metabolism commonly cause centrilobular necrosis, but periportal necrosis is rare and due to direct hepatotoxicity, as can be seen with microcystin. Microcystin is absorbed preferentially in the ileum, enters portal circulation, and is rapidly cleared from the blood. 16, 17 The toxin is not cell permeant and carrier-mediated transport leads to hepatocyte accumulation. 18, 19 In hepatocytes the toxin binds to and inhibits serine/threonine phosphatases type 1 and 2A leading to hyperphosphorylation and disassembly of cytoskeletal proteins including intermediate filaments, actin microtubules, and actin microfilaments. [20] [21] [22] Acute intoxication causes membrane blebbing, rounding, and loss of cell-to-cell adhesion, leading to hepatic structure breakdown. Hepatic sinusoids collapse, and massive intrahepatic hemorrhage and death ensue. 20 Chronic intoxication can lead to tumor promotion because of hyperphosphorylation of cytokeratins via the same phosphatase inhibition. 23 The only other description of similar periportal necrosis in a horse is a case report of a horse with fatal hepatic necrosis after ingesting Amanita verna. 24 No historical poisonous mushroom exposure or characteristic histologic lesions (eg, nuclear vesiculation and nucleolar loss or fragmentation) consistent with amanitatoxins makes this etiology unlikely. Iron toxicosis, pyrrolizidine alkaloids or Fall Panicum were excluded because of anamnesis and lack of characteristic histologic findings (eg, hemochromatosis or characteristic biliary lesions). No heavy metals or organic chemicals were identified within liver or kidney.
Detection of microcystin in the blue-green algae supplements consumed by the horse also supports this toxin as the cause of disease. It is difficult to confirm whether the horse consumed a lethal dose for several reasons. No established microcystin toxicity data exists in horses and there is wide species variation in toxicity depending on species affected and route of administration (eg. oral LD50 for MC-LR in mice is 10.9 mg/kg versus the intraperitoneal LD50 of 43 lg/kg).
25,26
Whereas it is known that MC-LA and MC-YR have a similar LD 50 range as MC-LR, no studies have documented whether there is a linear additive effect or whether toxicokinetics change when other congeners are present, and it is possible that depending on the testing method not all congeners are even detected. 27 The WHO has set the tolerable daily intake for human ingestion of MC-LR at 0.04 lg/kg/d.
28 Based on measured levels, the gelding is estimated to have ingested approximately 3 lg of microcystins daily. However, the range in microcystin levels detected in the supplements shows a lack of homogeneity in contamination, and hepatotoxicity may have resulted from ingestion of larger amounts of microcystin unevenly distributed in the supplement. Lack of microcystin detection from liver, blood, and gastrointestinal contents postmortem may be a function of rapid toxin metabolism or lack of test sensitivity or specificity for microcystin congeners. Stomach contents gathered at the time of consumption and not three days later might have been a better diagnostic specimen for microcystin testing.
The most important differential diagnosis for this case was Theiler's disease, which can also result in acute fulminant hepatic failure, encephalopathy, and death within days. The small "dish rag" liver because of cytoskeletal loss and massive necrosis is a characteristic but not pathognomonic finding in Theiler's disease. The histologic pattern of necrosis in Theiler's disease, however, is predominantly centrilobular without the megalo-cytosis/-karyosis and polykaryosis seen in this case. 29 Epidemiologic findings vary from adult horses receiving equine origin blood products (eg, tetanus antitoxin or hyperimmune plasma) 1-3 months earlier to horses in contact with those treated, or no exposure to either. 30 Recent research suggests an underlying viral etiology.
Gastroparesis, evident in this case by a distended stomach sonographically, might be a negative prognostic indicator. Delayed gastric emptying is associated with cirrhosis in human, 31 and gastric impaction has been reported secondary to pyrrolizidine alkaloid ingestion in ponies. 32 Abnormal gastric motility might result from enteric neuronal dysfunction because of the same toxins that cause cerebral signs of hepatic encephalopathy. In 50 cases of primary equine hepatic disease 7 of 10 horses with hepatic encephalopathy had gastric impactions, and none survived. 33 Hyponatremia in fulminant liver failure is another unusual case feature and might not be because of mannitolinduced dilutional hyponatremia. Acute liver failure alone can result in third space losses into the gastrointestinal tract and peritoneal cavity and blood pooling in the portal circulation. In human cirrhosis, hyponatremia occurs secondary to overall reduced effective blood volume and reduced renal perfusion leading to nonosmotic hypersecretion of vasopressin because of arterial under-filling. 34 Similar mechanisms of hyponatremia were suspected as transient portal hypertension, and decreased hepatic and renal perfusion has been reported in microcystin-LR administration to pigs. 17 Concurrent hyponatremia could be an important prognostic finding in equine liver failure; its presence in human liver failure is strongly correlated with increased risk of encephalopathy and death. 35 Equine deaths attributed to algal blooms date back to 1878, 36 but the recent use of blue-green algae (Aphanizomenon flos aquae) supplements in people and animals necessitate its reconsideration as a cause of hepatic failure and death. This case illustrates the clinicopathological and postmortem findings in a gelding that consumed a commercial A. flos aquae supplement and was euthanized because of hepatic failure consistent with microcystin intoxication. Concurrent hyponatremia in liver failure is a poor prognostic indicator for survival in people and requires more investigation in veterinary species. In cases of liver failure in horses, the importance of a thorough medication and dietary history is of paramount importance. 
